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Introduction 1
The deposition of thin film coatings over substrates containing regions of micro-scale topog- 
11
The present lack of reliable data is testament to the difficulties of studying such systems ex-12 perimentally, so numerical simulations are likely to be the most viable option in the foreseeable 13 future. Most previous numerical studies of thin film flow over topography have been carried out 14 using lubrication theory, an approach that has proven to be surprisingly accurate when com-15 pared against the scant experimental data that is currently available. However, the effects of The focus of the present study is different to the above and analyses the interplay between plane is given by H = F − S and the resulting laminar flow is described by the Navier-Stokes 39 and continuity equations, namely:
where U = (U, V, W ) and P are the fluid velocity and pressure, respectively;
T is the viscous stress tensor and G = g 0 (sin θ, 0, − cos θ) is the ac-43 celeration due to gravity where g 0 is the standard gravity constant.
44
Taking the reference length-scale in all directions to be the asymptotic, or fully devel- 
where u = (u, v, w), τ and g = G/g 0 are the dimensionless velocity, viscous stress tensor and 51 gravity component, respectively; Re = ρU 0 H 0 /µ is the Reynolds number and St = 2/ sin θ the
52
Stokes number.
53
The problem is closed by imposing the required no-slip, inflow/outflow, kinematic, free-54 surface normal and tangential stress boundary conditions, namely:
56 u| x=0,lp;y=0,wp = (z (2 − z) , 0, 0) ,
2 where Ca = µU 0 /σ is the capillary number, x, y, z, l p , w p , s, h, f correspond to their dimensional
is the unit normal vector pointing 61 outward from the free surface, t f is the unit vector tangential to the free surface and κ = −∇·n f 62 is the free-surface curvature.
63
For the occlusion problem, Figure at the boundary of the occlusion Γ are imposed via
where n Γ is the outward pointing normal to the occlusion. 
Mathematical formulation

70
Since the mathematical details are described in detail in [13] , only a very brief overview is 71 provided. A process of depth-averaging is used by adopting a long-wave approximation that
is the characteristic in-plane capillary length scale.
73
The required friction and dissipation terms are obtained by assuming the self-similar velocity 74 profiles:
and the continuity equation (4) for the unknown averaged velocitiesū (x, y, t)
v dz and the film thickness h (x, y, t) respectively are:
Problems are closed using averaged forms for the outflow/inflow conditions and the assump-81 tion of fully developed flow both upstream and downstream, namely:
In addition the occlusion problem requires the static contact line and no-slip conditions 
where s 0 is the dimensionless depth (s 0 < 0) or height (s 0 > 0), with l t , w t and δ the non-92 dimensional streamwise length, spanwise width and steepness factor, respectively. The coordi-93 nate system (x * , y * ) = (x − x t , y − y t ) has its origin at the centre of the topography, (x t , y t ). 
Method of Solution
95
Since the method of solution is based on that described in detail in [13] , only a brief outline 96 is given below. 
Spatial Discretisation 98
Equations (13) following second-order accurate (in space) finite difference scheme: 
(usually 1-3 V cycles) and up to 10 V cycles on the finest grid level G K .
133
Due to the staggered nature of the discretization involved, the relaxation methodology adopted 
Results
138
Results are provided which briefly explore the effect of Reynolds number on the resultant 
